The possible contribution of cerebrovascular monoamine oxidase (MAO) to the blood-brain barrier to catecholamines was studied in isolated porcine and rat microvessels by determining its activity with various sub strates. Michaelis-Menten kinetic constants, Km and V max, were determined using noradrenaline (NA) as sub strate in a Tr is medium. Km values were 0.25 ± 0.05 mM in control and 0.16 ± 0.09 mM in ultrasonically disinte grated (USD) preparations (difference not significant); V max in USD preparations (1.83 ± 0.20 n.atoms O2 min-1 mg protein -I ) was slightly higher (p < 0.05) than in con trol preparations 0.35 ± 0.11 n.atoms O2 min -I mg pro tein -I), suggesting a certain restriction by the plasma membrane of substrate access to the enzyme. This phe nomenon was confirmed in a more physiological, ionic medium; the activity was then approximately doubled for 1 mM NA, whereas that for 1 mM [3-phenylethylamine
It is well known that only a very small proportion of circulating catecholamines cross the blood-brain barrier (BBB) into the brain parenchyma, as evi denced by measurements of the brain uptake index (Oldendorf, 1971; Edvinsson et ai., 1978) . This re striction of their passage across the vessel wall has been attributed to the relative impermeability of the endothelial lining to polar, lipid-insoluble sub stances, and to the presence of an endothelial en zymatic apparatus capable of degrading mono amines (Bertler et ai., 1966; Lai et ai., 1975; Har debo et ai., 1980) . It has also been suggested that It is concluded that circulating catecholamines are not likely to cross the endothelial barrier of cerebral micro vessels intact, and that the small quantities of radioac tivity detected in the parenchyma in measurements of the brain uptake index essentially represent metabolites due to MAO activity. Key Words: Blood-brain barrier-Iso lated cerebral microvessels-Monoamine oxidase Noradrenaline-Pig-Rat.
such enzymes could contribute to a homeostatic mechanism for control of catecholamine concentra tion in the vicinity of blood vessels (Hardebo and Owman, 1980) , perhaps preventing any "leakage" of catecholamine into the circulation. Despite this restriction on the passage of cate cholamines through the cerebral vascular wall, sev eral workers have demonstrated cerebrovascular effects of these amines injected systemically (e.g., von Essen, 1972; James and MacDonell, 1975; Sercombe et ai., 1975; McCalden et ai., 1977; Ed vinsson et ai., 1979; Lopez de Pablo et ai., 1982) . These effects were attributed to (Xor f3-adrenergic receptors on the vascular smooth muscle, sug gesting that a limited passage of the amine across the endothelium may have occurred. To understand the mechanisms of these vascular effects, it would be necessary to know whether a significant fraction of the small amount of catecholamine presumed to cross the BBB really reaches the smooth muscle intact.
Brain microvessel monoamine oxidase (MAO) (Ee 1.4.3.4), one of the two enzymes responsible for catecholamine degradation in this tissue (Bertler et al., 1966) , has received only limited attention, since only estimates of V max (maximal activity) have been made, by using artificial substrates such as tyramine. In the absence of data on the oxidation by MAO of physiological substrates, in particular noradrenaline (NA) or adrenaline, the above-men tioned hypotheses on the role of these enzymes lack a firm quantitative basis and remain extremely speculative. In the present study we have deter mined not only V max but also Km (Michaelis-Menten constant) of the MAO of a brain microvessel prep aration, using NA as substrate, so that a reliable estimate of the barrier capacity of this enzyme can be made. Further comparisons have been made with the activity obtained using a lipid-soluble ar tificial substrate, l3-phenylethylamine (I3-PEA), to evaluate the contribution of the plasma membrane of the MAO-containing cells (essentially the endo thelial cells) to the barrier function.
MATERIALS AND METHODS

Preparation of microvessels
The method was based on previously published tech niques (Goldstein et aI., 1975; Lai et aI., 1975) . Most of the experiments were performed on microvessels ex tracted from pig brains obtained at a local slaughterhouse, although a few assays were also made on microvessels from rat brain (Wi star) to compare with the activity in this widely used species.
The brains of both species were removed from the skulls as quickly as possible and immersed in a saline medium at 4°C (composition, in mM: NaC!, 119; KCI, 5; CaCI2, 0.7; MgS04, 1.2; NaH2P04, 1; NaHC03, 1; N-2hydroxyethylpiperazine-N' -2-ethanesulfonic acid (HEPES), 25; pH, 7.4). After dissecting away the men inges, we removed the cortical grey matter and cut it into small pieces for gentle homogenization (10%, wt/vol) by hand with 30 up-and-down strokes in a Dounce homog enizer equipped with a loosely fitting pestle (clearance, 76-152 J.1m). The homogenate was passed through a coarse nylon sieve (pore size, 500 J.1m) to eliminate large debris and vessels (Ziiricher Beutel Tool Fabrick, AG, Zurich, Switzerland). The filtrate was passed 30 times through 250-f.Lm and 120-J.1m nylon sieves, and the matter retained on the sieves was washed into a glass tube and separated by centrifugation for 5 min at 500 g.
The pellet was resuspended in a HEPES saline medium containing 25% bovine serum albumin (BSA fraction V, Sigma) and centrifuged at 1,000 g for 20 min. The super natant debris was discarded and the microvessel pellet was collected and resuspended twice in 10 ml HEPES saline medium and centrifuged (500 g, 5 min) to wash the albumin from the microvessels. The samples were stored at 4°C overnight before MAO assay. Vol. 3, No.4, 1983 MAO assay MAO was assayed by measuring the decrease in ox ygen tension in a small chamber with a Clark-type elec trode, according to the technique of Weetman and Sweetman (1971) . The microvessels were suspended in the reaction medium (2.5-5 mg protein ml-I), and the mixture was allowed to equilibrate for 20 min at 30°C. After measuring the intrinsic oxygen uptake of 1.2 ml of the micro vessel suspension for 3 min, the reaction was initiated by addition of 0.05 ml of substrate. Initial veloc ities were obtained (expressed as n.atoms oxygen con sumed per minute per milligram protein) after corrections for the intrinsic oxygen uptake and the spontaneous sub strate oxidation were determined in the corresponding medium in the absence of microvessels.
Two different media were used: (A) 10 mM Tr is HCI, 4 mM KCN, and 0.25 M saccharose, pH 8.2 or 7.4; and (B) 119 mM NaC!, 5 mM KCI, 0.7 mM CaCI2, 1.2 mM MgCI2, 1 mMNaH2P04, 1 mMNaHC03, 25 mMHEPES, and 10 mM NaOH, pH 7.4.
The substrates were dissolved in the appropriate me dium at 4°C, saturated with N2, and protected from light. The intrinsic oxygen uptake measured in microvessels suspended in medium B corresponded to the respiratory rate, since KCN was absent from this medium.
Cytochrome oxidase assay
Cytochrome oxidase (EC 1.9.3.1) activity was esti mated at 25°C in 7 mM potassium phosphate buffer (pH 7.0) in the presence of 30 J.1M ferrocytochrome c (Wharton and Tzagoloff, 1967) . The reaction was initiated by addition of the microvessels. The rate of cytochrome c oxidation was monitored in a spectrophotometer at 550 nm.
Protein assay
Protein values were determined by the method of Lowry et al. (1951) , using BSA as standard; the partic ulate material was digested in 1 M NaOH for 1 h prior to the protein assay.
Ultrasonic disintegration
A proportion of each microvessel preparation sus pended in the enzyme reaction medium was submitted to ultrasonic disintegration (USD) for 30 s (8 J.1m, 20 kHz; MSE model 100 w). Pilot experiments showed that the cytochrome oxidase activity attained a plateau after 30-60 s of ultrasonic treatment.
Statistics
All values are expressed as means ± standard error. Kinetic constants for MAO were computed according to the method of Wilkinson (1961) : several assays, at dif ferent concentrations, were made on each of six to nine preparations, and all data were grouped together for the calculation. Statistical comparisons were made using the paired or unpaired Student's t test.
RESULTS
Preliminary tests
Ten grams wet weight of porcine cortical grey matter yielded a preparation containing �9 mg of protein. The yield from rat cortical grey matter was of the same order. Tr ansmission light microscopy revealed that the preparation consisted almost en tirely of microvessels. Capillaries were the most abundant structures, but there were numerous ar terioles with branches which represented � 20% of the material (Fig. I) . The walls of these arterioles were usually composed of two cell layers.
The suitability of medium A (Tris-KCN -sac charose) for the enzymatic assay was tested by checking the effects of the buffer, KCN, and pH on the MAO activity of porcine microvessels (Houslay and Tipton, 1973b) , using NA as substrate.
When medium A at pH 7.4 was replaced by me dium B (HEPES saline medium) with KCN present, the rate of oxygen uptake was reduced by about one-third. Lowering the KCN concentration from 4 to 1 mM resulted in a weaker activity (18% of the initial velocity), which was only partially recovered when semicarbazide (10 mM) was added to the me dium (54% of the initial velocity). When the pH of medium A was fixed at 7.4, the enzymatic oxidation was 66 ± 7% (n = 4) of that found at pH 8.2. The spontaneous oxidation of NA at 1 mM was 0.2 ± 0.04 (n = 7) n.atoms min -1 and was proportional to the concentration. The amount of tissue added to the assay medium ensured a rate of enzymatic ox idation 10 to 20 times that of the spontaneous oxi dation. Owing to the presence of red blood cells in the microvessels, the MAO activity was checked in a blood sample, but none was found in the medium used, in agreement with Murphy and Donnelly (1974) .
MAO activity in Tris medium
Measurements of MAO activity were performed in Tris medium (medium A) using NA, �-PEA, or tyramine as substrate at a concentration of 1 mM. These results are compared in Ta ble 1, which shows rates of activity in the order: tyramine > �-PEA > NA for porcine microvessels, and tyramine> NA for rat microvessels. The tyramine-to-NA ratio of activities was approximately the same in both types of preparations. The kinetic parameters of MAO toward NA were derived from the data shown in Fig. 2 , concerning normal preparations and USD preparations, and are given in Ta ble 1. The V max for USD microvessels was slightly higher than the con trol value (36%), just reaching significance (p < 0.05). The Km value was not significantly different.
Cytochrome oxidase activity in fresh and sonicated porcine microvessels in HEPES medium
The accessibility of cytochrome c (MW, 12,800) to the intracellular enzyme cytochrome oxidase (EC 1.9.3.1) was measured in fresh and USD microves sels as an estimate of the membrane permeability increase induced by the treatment. The specific ac tivity of the enzyme was compared in paired ali quots of the microvessels added to the phosphate buffer (see Materials and Methods). As Table 2 shows, the activity increased very significantly (p < 0.001), by about fourfold after treatment, indi cating a greatly augmented accessibility of the en zyme to the substrate.
Comparison of MAO activity of porcine microvessels in HEPES medium using NA and
Jl-PEA as substrates
The lipid-soluble substrate �-P EA, with high BBB permeability (Pardridge et aI., 1975) , was com pared with NA to investigate further the increased MAO activity found after USD, since this phenom enon could be explained by increased accessibility of the enzyme resulting from membrane destruc tion. However, this series of experiments was per formed under more physiological conditions (i.e., 
Activity" at 1 mM 2.7 ± 1.2 (2) 12.4 ± 0.5 (3) 7.6 ± 1.6 (2) 2.15 ± 0.11 (6) 1.08 ± 0.19 (9) 1.58 ± 0.19b (6) a Expressed in nmol min -1 mg protein -1 . b Not significantly different from control.
Vrnaxll 1.35 ± 0.11 (9) 1.83 ± 0.20' (6) Km (mM) 0.25 ± 0.05 (9) 0.16 ± 0.09b (6) , Significantly different from control (p < 0.05).
Values are means ± SEM . Number of preparations in parentheses. USD, ultrasonically disintegrated preparations.
using a saline medium buffered with HEPES at pH 7.4 and without KeN) to maintain, as far as pos sible, the functional integrity of the plasma mem branes. Under these conditions, the measurement of O 2 consumption in the polarography cell corre sponded at first to the respiratory rate, and was increased significantly with addition of the sub strate at 1 mM. The basal respiratory rate was also noted as an index of mitochondrial activity.
Ta ble 3 shows that, at 1 mM, NA was oxidized in the fresh tissue at a low rate compared with that obtained using the Tr is-saccharose-KeN buffer (0.18 compared with 1.08 n.atoms oxygen min -1 mg protein -1). This low value was significantly in creased by almost twofold in the sonicated tissue (p < 0.02). However, when expressed in relation to the respiratory rate (MAO activityirespiratory rate), the MAO activity was increased almost three fold (p < 0.05) in the sonicated microvessels, due to the fall in respiratory rate. In contrast, the lipid soluble substrate, j3-PEA, was much more rapidly oxidized than NA in the fresh tissue (p < 0.002; Ta ble 3). However, there was no increase in oxi dation after sonication; in fact, the fall in MAO ac tivity, although not statistically significant, corre sponded to the fall in respiratory rate (p < 0.01, considering all values together; Ta ble 3), and the ratio of MAO activity to respiratory rate was un changed (p > 0.9).
DISCUSSION
Measurement conditions
Two media were used in the present experiments for measurement of the brain microvessel MAO ac tivity. Medium A contained Tr is, saccharose, and KeN. Media buffered with Tris have frequently been used for MAO assay (Weetman and Sweetman, 1971; Houslay and Tipton, 1973a; Houslay and Tipton, 1974) .
It has been shown previously by Houslay and Tipton (1973a) and Williams (1974) that the enzyme activity was greater at pH 8 than at a physiological pH. This was confirmed in our preliminary tests in which the MAO activity at pH 7.4 was 66% of the activity at pH 8.2. However, in our experiments we noted an increasingly high rate of spontaneous ox idation of NA above pH 8, together with a tendency of the stock solution (24 x final concentration) to precipitate slowly. For these reasons the best com promise appeared to be pH 8.2 (as used by Houslay and Tipton, 1973a) for the measurements of the ki netic constants, since these necessitate use of the range of concentrations, giving relatively low ac tivity in the extreme cases. Tris was chosen as the Values are means ± SEM; n = 5. a p < 0.001, paired t test.
most suitable common buffer for this pH. The con centration used (10 mM) should not involve very great inhibition of the MAO activity, as demon strated by the results of Fowler et ai. (1977) .
Previous workers used 1 mM KCN to inhibit the oxidative respiration (Tipton and Spires, 1971; Wil liams, 1974) . On testing different concentrations of KCN, we found that at 4 mM the MAO activity was increased (although respiration was inhibited at 1 mM). These results do not agree with those of Houslay and Tipton, who found a 50% inhibition of a partly purified preparation of a membrane-bound rat liver mitochondrial MAO with benzylamine as substrate. This difference may be due to the fact that we used an intact multicellular preparation as opposed to a purified subcellular fraction. The KCN may have acted as a complexing agent in our ex periments, removing the products of the reaction, as had previously been proposed (Davison, 1958) . Furthermore, this kind of tissue seems to be resis tant to cyanide inhibition, since MAO activity in rat femoral and mesenteric arteries was not lowered by 1 mM NaCN (Coquil et aI., 1973) .
Medium B was chosen as a second, more physi ological milieu that was less likely to cause changes in membrane permeability (containing, in partic ular, Ca 2 +, Mg 2 +, and K +). It has also been found 27.2 ± 5.2" 4.1 ± 0.6 suitable in our laboratory for the preparation of ce rebral artery segments in physiological experiments (R. Sercombe et aI., unpublished observations). Al though KCN was omitted from this medium, and the oxygen consumption measured included that due to respiration, it was perfectly feasible to mea sure the increased consumption due to the MAO activity at the high concentration (1 mM) of sub strate used. Furthermore, previous studies (Lasbennes and Gayet, 1979) on rat brain microvessels obtained by a very similar technique showed that the cyclic AMP was not influenced by addition of NA. This may be explained by the fact that the substrate for the adenylate cyclase, ATP, is present in only low concentrations in such preparations (Lasbennes and Gayet, 1983) . Furthermore, the stimulatory ac tion of N A on cellular oxidation is mediated via membrane adenylate cyclase activation, and the USD treatment probably prevents any such acti vation. It is therefore unlikely that the increased oxygen consumption observed after USD was due to stimulation of cellular oxidation by NA.
Appraisal of the MAO activity observed
The MAO activity reported so far in the literature for cerebral microvessels (generally measured using Overall values for respiratory rate: control, 2.59 ± 0.18 n.atoms oxygen min -1 mg protein -1 (n = 10); USD, 1.77 ± 0.18 nmol min-I mg protein-I (n = 10). Difference statistically significant, p < 0.01, t test. tyramine as substrate) has been extremely variable, ranging from 0.09 n.atoms oxygen min -I mg pro tein-I (0.8 mM tyramine; Hardebo et aI., 1980) to 7.1 n.atoms oxygen min -I mg protein -I (2.5 mM tyramine; Lai et aI., 1975) . Our observations on ty ramine and I3-PEA are, respectively, of the same order as those of Lai et ai. (1975) and Haenick et ai. (1981) (Table 1 ). The rather large variations re ported for MAO activity might be attributable to differences in the reaction medium (pH, buffer, etc.) . However, we have found no reports on MAO activity in cerebral microvessels when using NA as substrate. It is well known that there are two forms of MAO (see, for example, Fowler et aI., 1978) A and B-the activity of which varies according to the substrate present. Tyramine, the substrate that has most often been used in studies on micro vessel MAO, is deaminated by both forms, whereas the A form of the enzyme may play the dominant role in NA metabolism. It may therefore be hazardous to extrapolate from these results to the functioning of the BBB. We therefore felt it important to deter mine the enzyme constants V max and Km for the MAO, using NA as the substrate. Our V max and Km values of MAO activity, with NA as substrate, may be compared with those reported on mitochondrial preparations from the rat liver; Weetman and Sweetman (1971) found a Vmax of 10.4 n.atoms ox ygen min -I mg protein -I and a Km of 0.07 mM, and Houslay and Tipton (1974) reported a Km of 0.42 mM for NA. In view of the different types of prep aration compared, our values indicate a MAO ac tivity toward NA that is fairly similar to that of the liver and intestine, which are two of the most active tissues in this respect (Davison, 1958; Houslay and Tipton, 1974) . Moreover, our comparison of the MAO activity to tyramine and NA in the rat and the pig revealed that it was of the same order of magnitude, and the ratio of the activities of tyra mine and NA was similar for the two species. The slightly higher activity found in the microvessels from the rat may be related to the generally higher metabolic activity of this species.
Our kinetic data on MAO activity in isolated mi crovessels reveal a higher Km and V max than those of adrenaline removal by perfused rat and rabbit lung (Vmax, 2.2-5.7 pmol min-I mg-I; Km, 1.1-1.4 X 10-6 M; Gillis, 1976) , a tissue in which cate cholamine transport is closely associated with the endothelium. It is probable that brain endothelial cells possess the same catecholamine carriers as lung endothelium, but according to the BBB con cept, the quantity of carrieres) should be much lower. If this is true, the MAO deamination capacity will always be greater than the influx of the sub-J Cereb Blood Flow Metabol, Vol. 3, No.4, 1983 strate into the endothelial cells at any physiological plasma concentration, even in conditions of stress.
Membrane barrier to NA
When the kinetic constants of MAO were deter mined in a KCN -Tr is buffer at pH 8.2 with NA as substrate, there was only a small increase (36%) in V max in USD microvessels (Fig. 1, Ta ble 1 ). This does not suggest a very great restriction of perme ability of this substrate, and contrasts with the re sults obtained on the cytochrome oxidase activity ( Table 2) . The low concentration of cytochrome c used (30 j.1M) in the cytochrome oxidase assay probably explains the very distinct increase in spe cific activity observed after USD (Table 2) , since at this relatively low concentration the substrate in flux of this large molecule could be the limiting factor of the oxidation.
Although no data are available on the perme ability of catecholamines, such isolated microvessel preparations have previously been found to allow a low passive influx of polar, lipid-insoluble mole cules, such as saccharose, p-aminohippuric acid, and adenosine (Hjelle et aI., 1978; Wu and Phillis, 1982) . The passive influx of adenosine, for example, determined in physiological medium and pH, was not more than � 1 nmol min -I mg protein -I, for a concentration of � 1 mM (Wu and Phillis, 1982) , a value comparable to the rate of NA degradation found here in Tris medium. In our experiments in Tris medium, two factors could produce a relatively high passive influx of NA, such that the MAO ac tivity would not be limited by the membrane per meability to the substrate: (i) NA, as a zwitterion with a pKa of 9.9, is proportionally more neutral at pH 8.2 than at pH 7.4; the neutral form of the amine may be the more active form (Williams, 1974) . (ii) The non-ionic medium used (Tris-KCN -sac charose) probably did not fully preserve the func tional integrity of the plasma membrane. This hy pothesis is compatible with the fact that both re ducing the pH to 7.4 and changing to a more physiological medium diminished the activity ob served in the intact preparation.
The influence of the membrane restriction on substrate penetration was therefore tested in a more physiological medium (ionic content and pH), with NA as a polar substrate and I3-PEA as a more lipid soluble substrate. These have been shown to pen etrate the BBB to very different extents, �4% for NA and 65% for I3-PEA (Oldendorf, 1971 ). Ta ble 3 shows that in the HEPES medium, USD signifi cantly increased the microvessel MAO activity to NA, whereas there was no increase (rather, a non significant tendency to decrease) in MAO activity to I3-PEA. However, the destructive action of the ultrasonic treatment was revealed by a slight but significant decrease in the respiratory rate (consid ering overall values for respiratory rate). It seems likely that such destruction also diminished MAO activity (Fowler et aI., 1980) , since this enzyme is situated on the outer membrane of the mitochon dria. If we allow for this destruction by comparing the ratio of MAO activity to respiratory activity be fore and after USD, the increase in MAO activity to NA is even more pronounced, whereas that to I3-PEA strictly shows no change.
It may be concluded that, at a concentration of 1 mM of NA, the passage of NA into the cell is the limiting factor for its deamination by MAO. Since passive diffusion into the cell is directly propor tional to the concentration, and assuming that the MAO activity to NA measured in HEPES medium in "intact" microvessels represents the passive in flux of NA, the influx at a more physiological con centration, say 1 �M, would be �0.2 pmol min -1 mg protein -I. Calculating the MAO activity at the same concentrations from the Km and V max reported in Ta ble 1 (USD values), we find 11.6 pmol min -1 mg protein -I. Even if we assume that a more phys iological V max can be estimated from the MAO ac tivity to NA in USD microvessels suspended in HEPES medium at pH 7.4 (Table 3) , the activity obtained is still much higher (2.5 pmol min -I mg protein -I) than that for passive influx. Thus the ca pacity of the microvessel MAO to catabolize NA should only be exceeded if the passive influx was associated with a facilitated diffusion capable of ac celerating the influx by at least IS-fold.
It has been reported several times (Bertler et aI., 1964 (Bertler et aI., , 1966 Hardebo et aI., 1979 ) that circulating dopamine, NA, or adrenaline could not be detected by histofluorescence in the endothelium of brain capillaries or intraparenchymal arterioles. How ever, a weak fluorescence was found in the capillary endothelium when a MAO inhibitor had previously been administered (Bertler et aI., 1966; Hardebo et aI., 1979) . These results, in agreement with our present finding, suggest that a significant, although low, permeability of capillary endothelial cells to catecholamines exists, and that the MAO present can effectively prevent further penetration of the amines into the parenchyma.
In a recent study, Hardebo and Owman (1980) suggested that the capillary endothelium actively concentrates NA present on the abluminal side of the microvessels. However, our experiments on the effects of USD on microvessel MAO activity to NA, performed in a physiological medium at 30DC, show that this activity increased in the preparation in which cell membranes were destroyed (Table 3) . If a concentrative uptake of NA had occurred in the intact preparation, the activity in the USD prepa ration could have been expected to be lower or equal to that of the intact preparation. The higher tissue radioactivity found by Hardebo and Owman (1980) after incubation of microvessels with [3H]NA could be explained by the accumulation of the en zymatic reaction products (the MAO not being in hibited) which did not rapidly diffuse out through the cell membrane; furthermore, ouabain may have increased membrane permeability to these metab olites, and anoxia with absence of glucose or low temperature would have inhibited MAO activity, all of which could have prevented accumulation of ra dioactivity in the tissue. No definitive conclusion can be reached on whether such an active transport of NA is present in cerebral microvessels, since such preparations have been shown to have a weak energetic capacity (as revealed by a low ATP level) in spite of the presence of energy-rich substrates such as glucose (Lasbennes and Gayet, 1983) .
CONCLUSIONS
The present results provide quantitative confir mation of the presence in brain microvessels (espe cially rich in capillaries) of a highly active form of MAO. The kinetic constants determined are com patible with a barrier role of this enzyme with re spect to circulating NA, provided that a highly ac tive facilitated diffusion mechanism does not accel erate the entry of N A into the capillary wall. Comparison of the MAO activity in intact and cell membrane-damaged preparations revealed that membrane permeability to NA, but not to I3-PEA, was a limiting factor for MAO activity. Under these conditions, and assuming that the NA influx is in deed not assisted by a facilitated diffusion, it seems likely that the radioactivity detected in the brain after [3H]NA injection for brain uptake index mea surement consists essentially of the metabolites of NA. A barrier role of the microvessel wall to pa renchymal NA, preventing it from passing unal tered into the circulation, is also feasible, especially in view of the high Km and V max of this MAO-sub strate couple.
From the present evidence it appears improbable that the cerebrovascular effects of systemic cate cholamines found by a number of workers (see in troductory section above) can be explained by the passage of physiologically active amounts of amine in the microvessels. Such cerebrovascular re sponses may perhaps be explained by an action es sentially on the pial vessels (where the endothelium has been shown to take up a certain amount of cir culating catecholamines) (Bertler et al., 1966; Har debo et al., 1979) , or by the presence of endothelial receptors capable of activating the adjacent smooth muscle, as suggested by Aubineau et al. (1982) .
